onstrated under field conditions that short daylengths induce decreased growth, then the possibility exists for
In the 2-yr study, overall winter forage yield was signififor Tifton 85 bermudagrass. Generally, there was no evidence of cantly increased by the extended photoperiod in all adverse consequences from sustained growth during the short-daycases except for one season for Florona stargrass. Pensalength months either in the subsequent spring and summer growth or in traits measured in below-ground tissue. With one exception, cola bahiagrass and Tifton 85 bermudagrass had yield there was no major influence of the sustained growth on forage nutriincreases as a result of the extended photoperiod of 1.8-tive value during the short-daylength months for any of the yearfold and greater.
round harvests. Pensacola bahiagrass had decreased crude protein
An objective of this paper was to extend the analysis under the extended-photoperiod treatment relative to the naturalof the results of overall yield (Sinclair et al., 2001 ) to a daylength treatment. Overall, these results indicated that the selection detailed examination of the year-round seasonal variaand genetic incorporation of photoperiod insensitivity into these grasses tion in forage yield in response to an extended-photopecould enhance productivity without adverse consequences.
riod treatment. In particular, attention was given to the hypothesis that stimulated growth of these grasses during the cool-season, short-daylength months might re-C attle production in the southeastern USA is limsult in depressed forage production in the subsequent ited to a large extent by low forage production spring and summer. Therefore, data are presented here during short-daylength months. The decrease in forage on year-round forage yield from harvests at 4-or 5-wk production can be quite dramatic in these months. For example, in Florida the growth of Paspalum and Cynointervals throughout a 2-yr experiment. In addition, bedon species during October through March was relow-ground plant samples were obtained to examine the ported to account for only 14 and 27% of the annual hypothesis that possible decreases in forage production yield, respectively (Mislevy and Everett, 1981) . The dein the spring and summer following growth stimulated crease in growth occurs in spite of the fact that there by extended daylengths might result from decreased appears to be adequate soil moisture, soil fertility, and partitioning of the materials to the below-ground tissues. sufficiently high temperatures to allow substantially Therefore, data are reported on mass, nitrogen congreater yields (Sinclair et al., 1997) . The cause of decentration, and carbohydrate concentration of belowcreased grass growth may be a response to the short ground tissue. daylengths during these months. If it can be clearly dem-A second objective of the study was to determine if there was a change in nutritive value of the forage T. Sinclair and L. Premazzi, USDA-ARS, University of Florida, PO produced by sustained grass growth as a result of ex- 
Tissue Analysis
the plot was exposed to the extended photoperiod and the Dried forage samples were analyzed to obtain CP concenremaining 1/3 of each plot was not exposed to supplemental tration (Gallaher et al., 1975; Hambleton, 1977) and IVDOM. light. The photosynthetically active radiation received by Crude protein was obtained by multiplying the N concentraplants immediately under the lamps was less than 30 mol tion by 6.25. The N concentrations of the plant tissues from m Ϫ2 s Ϫ1 , so there was virtually no enhancement of plant photothe soil were obtained by the Kjeldahl procedure as described synthetic activity.
above. A modification of the two-stage incubation procedure Plots were cut to a height of 7.5 cm on 15 July 1998 and developed by Moore and Mott (1974) was used to measure the first harvest was made on 19 Aug. 1998. The fertilization IVDOM concentration. regime was an application of 67, 15, and 56 kg ha Ϫ1 of N, P, Total nonstructural carbohydrate (TNC) concentration was and K, respectively, to all plots following each harvest. Minor measured by means of an invertase and amyloglucosidase elements were included in each fertilization in the amount of mixture to digest the tissue. The monosaccharide concentra-1.7 kg ha Ϫ1 of Zn, Mn, Cu, and Fe, 0.17 kg ha Ϫ1 of B, and 5.0 tion was measured colorimetrically after combining with arsekg ha Ϫ1 of S. The plots were irrigated as needed to avoid the nomolybdate (Somogyi, 1945; Smith, 1981) . Statistical comdevelopment of water deficits.
parisons of tissue analyses were done between photoperiod Over 2 yr, harvests were made every 5 wk except during treatments for each grass within harvest dates by a two-tailed the late spring and early summer when harvest interval was t test. decreased to 4 wk. Forage was harvested in each plot from locations under the extended photoperiod and under the natural daylength. Two 0.5-m wide swaths were cut across the plot
RESULTS AND DISCUSSION
in each photoperiod treatment using a rotary plot harvester
Seasonal Growth
with a fixed cutting height (7.5 cm above the soil). Border material was not included in the harvest so the length of All four grasses showed dramatic variation in the the harvested swath was approximately 2 m resulting in a seasonal cycle of forage production ( Fig. 1) as reported harvested area of about 1 m 2 . Actual length of the harvested previously for Pensacola bahiagrass (Sinclair et al., 2001) . swath was measured and the forage yield was expressed on a Forage yields were low for all four grasses during shortland-area basis. Fresh weight of the harvested forage was daylength months, followed by a dramatic increase in measured immediately in the field. A subsample of harvested growth during the spring as shown in the March harmaterial was oven dried at 60ЊC, weighed, and the ratio of vests. The magnitude of the changes in forage producdry weight to fresh weight was used to calculate the dry weight of the original total sample. Dried subsamples were ground tion during the annual cycle highlights the challenges and used for tissue analysis as described later.
of sustaining animal production based on pasture proStatistical analyses of the total harvested sample weights duction during the cool, short-daylength months.
were done by averaging the two subsamples from each photoThe extended-photoperiod treatment increased growth period treatment of each replicate grass plot. The PROC of all grasses during the short-daylength months (Fig. 1) . Most of these yield increases were in the range of 1.5-in a 70ЊC oven, weighed, and then ground for analysis as to 2.5-fold.
described later. Samples for determination of the leaf and stem components
Both Florakirk bermudagrass and Florona stargrass of these two grasses for increased year-round production (Mislevy et al., 1993 (Mislevy et al., , 1999 . The difference in response between seasons for these grasses may be associated with a sensitivity to temperature. The average temperature for November through mid February in the 1999-2000 season was 2.6ЊC cooler than in the 1998-1999 season (17.9ЊC as compared with 20.4ЊC). The cooler temperature in the 1999-2000 season may have constrained a full growth response to the extended photoperiod in these two grasses. A key question was whether stimulated growth under the extended photoperiod during the cool, shortdaylength months would result in decreased growth of the grasses in the subsequent spring and summer. There was no decrease (P Ͼ 0.05) in growth observed in any of the four grasses following the extended-photoperiod treatment in either season (Fig. 1) . These results indicated no adverse consequences of sustained year-round growth if grasses could be manipulated genetically to obtain increased growth in the cool, short-daylength months.
Results from the below-ground samples during the second season for Pensacola bahiagrass and Tifton 85 bermudagrass were consistent with the conclusion of no adverse influence of the extended-photoperiod treatment on the subsequent growth of the plants. In nearly every case, there was no difference (P Ͻ 0.05) in the below-ground tissue mass throughout the season between the extended-photoperiod treatment and the natural-daylength treatment (Fig. 2a, b) . Only for the 1 December sampling of Tifton 85 bermudagrass was there a significant difference in below-ground mass between daylength treatments, although the 19 April sampling of Pensacola bahiagrass was nearly significant (P ϭ 0.051).
The measurement of N concentration of the belowground tissue confirmed no difference between the two daylength treatments (Fig. 2c) . While there was a tendency for a slight increase in the N concentration throughout the short-daylength months, the same trend was observed in both photoperiod treatments. The most striking observation in these N concentration data was the difference between species. The N concentration in Pensacola bahiagrass tissue was consistently about 5 mg N g Ϫ1 greater than that of the Tifton 85 bermudagrass.
Concentrations of TNC for the below-ground plant material were not significantly different (P Ͻ 0.05) between photoperiod treatments except for Tifton 85 bermudagrass at the 19 April harvest (Fig. 2d) . The previous two samplings under short-daylengths for Tifton as did the plants that had less forage growth in the natural-daylength treatment. There was no evidence of showed modest yield increases (P Ͻ 0.05) under the such a relationship in Pensacola bahiagrass. In contrast extended-photoperiod treatment, but the increases were to bermudagrass, the TNC concentration of the belowsignificant only in the first season and not the second. Such a limited response is consistent with the selection ground tissue of bahiagrass showed decreased TNC dur- higher dry matter digestibility than stems (Wilson and Minson, 1980) . Indeed, increased growth of the shoots as a result of the extended-photoperiod treatment was associated with increased stem growth so that the leaf: total weight ratio (Fig. 3) was decreased for both Pensacola bahiagrass and Tifton 85 bermudagrass at two harvests (27 October and 5 January). This response was also observed in the 13 March harvest of Pensacola bahiagrass. The actual decreases in the leaf:total weight ratio were, however, relatively small compared with the very large differences in forage weights harvested on these dates. The difference in the leaf: total weight ratio was not reflected in the digestibility of the forage as measured by IVDOM concentration. No consistent difference in IVDOM concentration was measured between the extended-photoperiod treatment and the natural-daylength treatment for any of the four grasses (data not shown).
On the other hand, CP of the forage was observed to be significantly different (P Ͻ 0.05) between photoperiod treatments on many dates during the short-daylength months (Fig. 4) . While there were several observations of decreased CP concentrations under the extended-photoperiod treatment as compared with the natural-daylength treatment, these differences were not large and followed no consistent pattern, except in Pensacola bahiagrass. The large increases in shoot growth in Pensacola bahiagrass as a result of the extendedphotoperiod treatment were associated with decreases in CP. The basis for this response is unknown, but two possibilities are increased amounts of stem material with low CP as indicated by decreased leaf:total ratio (Fig. 3) and decreased relative ability to accumulate N during the cool season.
Another intriguing feature of the Pensacola bahiagrass data is evident in comparing the relative forage yields and CP in the spring of 1999. Forage yields of the two photoperiod treatments returned to equivalency in the 21 April harvest (Fig. 1) but CP concentrations were not equal until the 16 June harvest (Fig. 4) . Since the plots were fertilized immediately following each harvest and had adequate N in the soil, it seems that there may have been some type of lingering decrease in CP of Pensacola bahiagrass plants subjected to the extended photoperiod. Nevertheless, the differences in CP between photoperiod treatments at this time were not large and seemed to have no adverse influence on plant riod treatments, except for Pensacola bahiagrass under the extended photoperiod, CP increased during the ing the short-daylength months, and there was no influshort-daylength months to reach a maximum that was ence of the extended-photoperiod treatment.
about 50 mg g Ϫ1 greater than the CP during the summer months. In the second season when forage yields were Forage Nutritive Value less than in the first season, CP concentrations during the short-daylength months were even greater for both An indicator of nutritive value of forage is the ratio of leaf to total harvested forage weight since leaves have treatments. all grasses in at least one of the seasons. It is particularly relevant that the yields of both Pensacola bahiagrass and
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